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é Outline [in the 20 slides, 25 minutes]

o KT — mwwT~~ intheregion P+ > 213 MeV/c
and Chiral Perturbation Theory

e £E949 “"gamma” dataset and analysis

e results

e Kt — wt~ far beyond the SM

byproducts of E949 in 2002 dataset

e Canada: TRIUMF, Alberta, British Columbia

e Japan: KEK, RCNP, Fukui, Kyoto, Osaka, NDA
e Russia: IHEP, INR

e US: BNL, FNAL, Stony Brook, New Mexico

Takeshi K. Komatsubara (KEK) 2 E949 KT — 7T ~~. 71~



E787: Observation of KT — w1+~

E787 in 1991 dataset, before the major upgrades (1992-94)
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e 100 < P+ < 180 MeV/c (large M., ):
31 events with 5.1 + 3.3 bgd
B(100< P+ <180MeV/c) = (6.0 £ 1.5414¢ &+ 0.T5y5¢) X 1077

o P+ >215MeV/c (small M,,): no events
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K™ — wT~~ in Chiral Perturbation Theory (ChPT)

leading contribution at O(p?*) NLO contribution at O(p°)

e ‘unitarity” corrections with ¢

Y Y \ %
7!'0
Kt K* Tt KL
K* = ™ v K* =~ T
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‘ i Unitarity cut
K*
. _ AK = 3mr)=a+bY +cY?2+d X2
Y Y Y
;yd 6 ;y e Vector-Meson exchange
A o ;n waN negligible in KT — 7 ~~

important in K — 7%y~ (a,)

undetermined coupling-constant ¢ _
e other new dynamics 77

dB(K* = T'yy)/dPr (10° [(MeV/c))
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the measured 7" spectrum in E787: the partial BR P+ >213MeV/c:
e including unitarity corrections: e including unitarity corrections:
. : 0.16 -
¢ =1.840.6 (solid) 6.107015 x 1077
e without the corrections: e without the corrections:
¢ =1.6+0.6 (dashed) 0.4979-2% x 107°
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E787 and E949: K decays at rest

e E787: major upgrades of the beam line and detector

Barrel
Vet —
o after the K™ — w1 ~~ study
R 1 | —
Stack , ; (and we observed the KT — 77 v decay !)
RSSC— | :
e =y
K Beam NI mIFm]]]IDTFD]‘ﬂLI +‘7 — PY E 4 .
. \é / B4/ Target 949:
| . .
@ Degrader  Drift Chamber — new Calorimeters: Barrel Veto Liner (2.3 Xj),
ancillary systems along the beam direction
— LevelO trigger board and digital Meantimers
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Trigger requirements (7 “above the K,, peak”)

E787- T~y

E949-7r Ty~

E949-7+ v

Beam

KT at rest in the target to decay

charged track

I-counters and T-counters

RS stopping layer (7T range) 15,16,17,18 16,17 from 11 to 18
K,.2(y) suppression with kinematics | range, energy — range
7T identification 7T — pT in the stopping counter
vy shower in the barrel part no shower
no extra shower in RS, Endcap

Level-3 ~ clustering O - -

prescale factor 2 - -

KT exposure 3.1 x 1019 1.2 x 1012 1.8 x 1012

# of triggered events 7.3 x 10° 1.1 x 107 9.0 x 107
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Charged Tracks in the trigger, and background sources
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- Ko with 7 decay in flight
e K.,o decay-in-flight
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event reconstruction (w/o K — 77y kinematic fit)

7T search region (“box") also used to the K™ — 7~ search
e 213 < P < 234 MeV/c

e 33 < R<41.3cm

¢ 116 < E < 135 MeV a0 —

w

o [

P . >213MeV/c o0 ELl

w

it 1000 o R

7" track N1 S

0 2 4 6 8

9 ~ 1 800 Number of gamma cluster
Ty 0 =i <y search region ... loose

" e either one or two clusters

Higher Energy Lower Energy e 50 < E, < 320 MeV

Photon
FRaton ® 6,1, > 155° (side view)
P+~ > 155° (end view)
2004 e to the lower energy photon,
Photon Cluster in Barrel Ey > 10 MeV
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backgrounds: K,

“mismeasured”,
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tricky K,» background

two photons into an “unresolved” single cluster

Barrel Barrel

Veto = | H Veto —
Not Jncluded
/ S X f
' BVL BVL — e —
Range Range
Stack : =, ’ Stack
A\ ‘ N — ’ ‘ ] E— ]
Barrel Velo Liner %\\ y Endcap Endcap S—2
A m u . m
K BeamHB*_ e K+Beam>~fl—\\-—£->ﬂ*— —_———

A Single Photon Cluster
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“overlap” background
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E949’s analysis policy and procedures

1. To avoid bias due to small statistics,
e 1/3 of sample: for study
e 2/3 of sample: (keep untouched)

2. study cuts for Bgd rejection with 1/3 sample, in “Blind Analysis”

3. Measure the Bgd levels in the search region with the remaining 2/3 sample.
The cut points are frozen at this stage.

4. Correlation studies

5. Signal acceptance and Bgd levels, as a function of cut severity,

for “Likelihood analysis” to the candidate events in the search region.

6. rehearsal with “just-outside” the search region

— G. Redlinger's v talk tomorrow
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Background levels in the search region

e T[he total background was 0.197 + 0.070

Source background level two sets of cuts

mismeasured 0.017 £ 0.006 7" search region (P,R,E) ~ selection

overlap 0.065 £+ 0.065 nT search region (P,R) nT dE/dx

Muon 0.090 £ 0.020 n" search region (P,R,E) rt—ut —et
T range-momentum relation

DIF 0.025 + 0.014 delay in the target RS - C timing
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Acceptance and Sensitivity in the Search region

including unitarity corrections || without the corrections
¢c=1.8 ¢c=1.6
Total acceptance (2.99 £0.07) x 10~* (1.10 £0.04) x 10~*
(P,+ > 213 MeV/c)
Ni 1.19 x 10"
K™ stopping efficiency 0.754 £+ 0.024
(Kr2 decays in the trigger)
Single Event Sensitivity (3.724+0.14) x 1077 (10.1 £0.5) x 1077
predicted branching ratio 6.10 x 107° 0.49 x 107°
(P.+ > 213 MeV/c)
expectation 1.6 events 0.05 events
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Remarks before opning the box

1. a factor of 8 improvement in the sensitivity over E787.

2. The expectation is 1.6 signal events (with 0.2 backgrounds)
if the ChPT including unitarity corrections ¢ = 1.8 is correct.

e We originally designed the trigger for 7+~
giving an expectation of 4 ~ 5 signal events.

e However, in the offline analysis, we realized that
tight 7 identification cuts should be imposed
to control the muon backround.

3. E949 did not set the trigger for 7T+~ in 100 < P+ < 180 MeV/c
(large M. ); no new results would come from E949.

— ——

-
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Opening the box

Range (cm) vs Energy (MeV)

for E949 data [

after all other cuts imposed. 5
o 42

MC simulation: .

ChPT including unitarity corrections

38

Solid line: Search region.

36

No events were observed.
34

74 events near 110 MeV:

background from K+ — 770,

32

30

90% C.L. upper limit:

28

e including unitarity corrections:
8.3x 1077 ¢=1.8

e without the corrections:
23x107% é=1.6
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Improved upper limit for the K™ — w1t~ decay

e spin 0—0 transition with a real photon, forbidden by
— angular-momentum conservation

— gauge Invariance

e a playground of “exotic” physics:
departure from Lorentz invariance, nonlocal Superstring effects, ..

e noncommutative theories: photon does not act as the U(1) gauge boson

noncommutative scale Ay

B(Z — vv) < 5.2x 1075 (LEP)
— Anc > 118 GeV
— B(KT - 7ty) <1 x 10713
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KT — tt~ : 7" (227 MeV/c) and v (227MeV) to the opposite sides

E787 in 1996-97 (RS layers 11-18)
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e prescaled by 2450, Nxg = 6.7 X 108
e 90%C.L. upper limit 3.6 x 1077
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E949 in 2002 (RS layers 16,17)

L
95

Il Il
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Il Il Il Il
105 110 115 120 125 130 135 140

' energy (MeV)

o N =1.19 x 10*?
e 90%C.L. upper limit 2.3 x 107

also in hep-ex/0505069
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Conclusions

e KT — wwt~~ intheregion P, > 213 MeV/c
is sensitive to the NLO “unitarity” corrections of ChPT.

e The results of this study cannot confirm nor rule out
the unitarity corrections.

e The upper limits are the most restrictive yet achieved on K+ — 7T~
and as well as on KT — 7T+,

o KT decays at rest are suitable for the study of KT — wt~~
(and for stringent tests of the ChPT).

e You may take an opportunity to observe the KT — mw+~~ decay
in the region (and, of course, the KT — T~ decay) in future !

- v

-
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BNL E949 collaboration

~ 60 physicists, 15 institutes from Canada, Japan, Russia and the US.

A.V. Artamonov®, B. Bassalleck®, B. Bhuyan®, E.W. Blackmore?, D.A. Bryman®©,
S. Chen?, I-H. Chiang®, |.-A. Christidi’, P.S. Cooper?, M.V. Diwan¢, J.S. Frank¢,
T. Fujiwara”, J. Hu?, D.E. Jaffe®, S. Kabe’, S.H. Kettell®, M.M. Khabibullin’,
A.N. Khotjantsev’, P. Kitching®, M. Kobayashi’, T.K. Komatsubara®, A. Konaka®?,
A.P. Kozhevnikov?®, Yu.G. Kudenko’, A. Kushnirenko?, L.G. Landsberg®, B. Lewis?,
K.K. Li¢, L.S. Littenberg®, J.A. Macdonald?, J. Mildenberger?, O.V. Mineev/,

M. Miyajima’, K. Mizouchi”, V.A. Mukhin®, N. Muramatsu™, T. Nakano™,

M. Nomachi”, T. Nomura”, T. Numao?, V.F. Obraztsov®, K. Omata’,

D.l. Patalakha®, S.V. Petrenko®, R. Poutissou?, E.J. Ramberg?, G. Redlinger®,

T. Sato’, T. Sekiguchii, T. Shinkawa®, R.C. Strand®, S. Sugimotoi, Y. Tamagawal,
R. Tschirhart?, T. Tsunemi®, D.V. Vavilov®, B. Viren®, N.V. Yershov’,

Y. Yoshimura® and T. Yoshioka®

a. Institute for High Energy Physics (IHEP), b. University of New Mexico (UNM), c. Brookhaven National Laboratory (BNL), d. TRIUMF, e.
University of British Columbia, f. Stony Brook University, g. Fermi National Accelerator Laboratory (FNAL), h. Kyoto University, i. High Energy
Accelerator Research Organization (KEK), j. Institute for Nuclear Research (INR), k. Centre for Subatomic Research, University of Alberta, I.
Fukui University, m. Research Center for Nuclear Physics (RCNP), Osaka University, n. Osaka University, and o. National Defense Academy.
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backup slides
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Reminder: E949-2002 beam conditions were not optimized

e a failure of the AGS power supply

e reduced operating voltage of one of the DC separators

e 12 weeks

The conditions will be improved in the next run.

E787 || E949-'02 | E949 optimized

AGS energy GeV 24 22
beam spill sec 2.2 2.2 4.1
cycle sec 4.2 5.4 6.4

duty factor % 52 41 64
K*/nt 4 3
N in the spill M 1.8 2.5 5.0
Nk MHz 0.8 1.2 1.2
rates in the detector X 2 X 2 or less
beam time weeks 12 >60
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E949 upgrades (2): Rate capability, Kinematics

e higher segmented B4 hodoscope

(a)BarreI
Veto [
e record waveforms from beam counters
pvL — D
S . ] e RS Layer 1-5, 19 replaced
RSSC ]
Endcap — — — more light output
Collar ' “ ’,’ “ Cc;ll—lar.jﬁ g p

K+Beamr/_1\ -+
I
BeO / B4 | Target ppy

C Uupv
AD  Drift Chamber

e LED flasher system — RS monitor

e new wire-chamber electronics

7t kinematics from K .o:
E787(0) vs E949 ( )

e op =23 MeV/c
e op = 3.0 MeV

e op =09cm

1 1 1 1
30 35
K12 Momentum (MeV/c) Km2 Energy (MeV) K12 Range (cm)

190 200 210 220

Reminder:
the rate is X2 higher in E949.
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E949 upgrades (3): Trigger/DAQ

e.g. LevelO trigger board and digital Meantimer module

1

09 |

online PV acceptance

0% | s

0.97 [

0.96

095 |
[ Mean-timer \+\

094 | Analog

0.93 [

oAgziwwww o b b b b b b b g 1
0 025 0.5 0.75 1 125 15 175 2 225

beam intensity (MH2)

T.Yoshioka, M.Nomachi et al., IEEE TNS 51 (2004) 334
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u™ — et recorded by 500-MHz waveform digitizer

Takeshi K.
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backgrounds: K,

“mismeasured”’
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K2 with two photons

into an ‘“unresolved” single cluster

Barrel Veto

A Single Photon Cluster

ﬂ 1000 B Enries . 7863 Q
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Acceptance

Acceptance factors UC w/o UC samples
Trigger (P,+ > 213 MeV/c¢) 0.0623 0.0407 MC, Kg
7T reconstruction and fiducial cuts 0.980 0.935 MC, K2
7" search region (P,R,E) 0.912 0.667 MC
7T stop without nuclear interaction 0.492 0.524 MC
or decay-in-flight

dFE /dx and kinematic cuts 0.537 0.537 Ko, Tscat
7t —put —e’ cuts 0.349 0.349 Tscat
~ reconstruction and fiducial cuts 0.530 0.492 MC, Ko
~ selection cuts 0.216 0.177 MC, Ko
Other cuts on beam and target 0.507 0.507 K2
Total acceptance 2.99 x 10~* 1.10 x 10~*
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